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SUMMARY: Physical condition and nutritional state of soldiers were monitored among members of the 4th Contingent of ISAF mission under US Army diet usage by means of anthropometrical measurement of physical changes, defined above all by the so-called Body Mass Index, metabolic exchanges, and contents of fat in a body. The evaluation was done in picked-up clusters, formed on the base of sex of personnel. Verifying was carried out by means of the non-parametric statistical test (χ2-Test), statistical characteristic for the case of two related samples or repeated measurements on a single sample. The test involves comparisons of differences between measurements; the null hypothesis is specified. The hypothesis assumes clusters, different in physical characteristics, with notable statistical differences. Among other results, in KFOR missions 2005 and 2008, ca 50 % of military personnel between 25-35 years was overweight. A free U. S. buffet system caused less percentage of obese soldiers than the Czech controlled subsistence. 
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1 introduction


Survey of dynamic changes of nutritional level in the expeditionary contingent follows the survey of catering and nutrition of the Czech Army in KFOR, carried out in 2005 and 2008 by anthropometric measuring and impedance analysis.  As far as nutrition is concerned it was found out that more than 50 % participants of experiment were overweigh and other persons beyond of 50 % overweigh participants had a problem with slightly obesity, i.e. 6.1 % resp. 45.70 %. [1, 2, 3] To compare general situation in the Czech Republic, there are overweight 72 % of men and 68 % of women, obese 21 % of men and 31 % of women. [4]

U. S. military messing has the same menu all over the world in every dining facility (except navy). Nutrition rates respect doze of food according to soldier requirements given.  Dining facility has free buffet system of feeding ad libitum. Variety of food is secured via three parts of buffet system – breakfast section, dinner section and snack section. Main entré are meat and fish, trimming (potatoes, pasta, and rice), salad (fruit, vegetable), pastry, deserts and snacks. Difference from the Czech Army is in food accessibility, in which certain commodity food composition follows WHO nutrition limit [5].
By using simple procedures available in some personal scales common on the market, it is possible to measure body characteristics with good accuracy and reproducibility after setting age, sex, level of physical activity and height. You can measure Body Fat, Body Water, Visceral Fat, Muscle Mass, Physique Rating, Bone Mass and Basal Metabolism. Additional software, which is part of personal scales, is used for evaluation. The principle of evaluation results from the generalization of more extensive surveying of human population.  
The purpose of the survey focused on dynamic changes of nutritional level was to prove by using bioimpedance analysis and testing hypothesis, whether catering in the Czech Army contingent has influence on the changes of soldier’s body composition. During a half-year mission the attention was paid Body Fat, Basal Metabolism, Physique Rating and BMI to the frequency of observation, which is vital for demonstrating dynamic changes.  In this article there are presented the findings of selected measurements, the monitoring of which seems to be significant and sufficient for evaluating nutritional level of monitored persons.

The monitoring results in the findings that statistically significant differences were not found between measuring during the evaluation of basic group. When comparing athletes and non-athletes by the Wilcoxon test the statistically relevant differences were found on the 0.05 significance level in the measuring of average body fat, basal metabolism and BMI. The division of basic survey group according to the physique rating of persons (criterion of being athletes in this case) appeared to be a substantial condition of the monitoring. [2] The result is well showed in the basic statistical evaluation with the average and median of the acquired data. The physique rating is illustrated only by the body fat and calculated BMI from the monitored data enough. Basal metabolism does not support the changes and the groups are distinctively differentiated by the athletes´ increased metabolism. 
Evaluation of individual nutrition, in contradistinction to the system that is evaluating nutrition of whole catering, appears to be more reasonable with regard to the possibility of providing targeted nutrition and changes of eating habits according to soldier´s personal needs. [5]
2 material a methods
2.1 MATERIAL                            

The measuring of changes of human bodies was carried out among professional soldiers posted on a half-year ISAF foreign mission of the 4th Field Hospital. The basic group consisted of 50 participants including 37 men and 13 women at the age from 24 to 55. All participants were marked as non-athletes. The participants were measured in ten-week interval during their foreign mission. Statistically significant changes were identified between the measuring, carried out on the 18th week and the 28th week of 2008, when the most significant changes might have been observed. 
The basic survey group was evaluated either as it was divided into the groups with regard to sex but no other parameters (age, physical activity, etc.). The first and last measuring were compared in the random sample of women and the random sample of men from basic group in all three surveyed parameters (body fat, basal metabolism, and body mass index - BMI). The calculated BMI was compared with the physique rating, set in the software of scales according to physical values. 
InnerScan BC-532 personal scale was used to assess parameters of the Czech Army soldiers’ body composition during a mission by a bioimpedance method. 
2.2 BIOELECTRICAL IMPEDANCE METHOD
This method measures conductivity, or if you like the resistance of electric current of low intensity (800 µA, 50Hz) in a human body. 

After setting soldiers´ age, sex, physique rating and height the instrument measured Body Fat, Basal Metabolism, Physique Rating and calculated Body Mass Index (BMI).

Body mass index (BMI), which is generally used as a statistical weighing criterion of person and expression of health risk, was calculated and interpreted according to the obtained data (tablet 0). 
	BMI
	Category
	Health hazard

	under 18.0
	underweight
	high

	18.0 – 24.9
	standard
	minimal

	25.0 – 29.9
	overweight
	low or slightly higher

	30.0 – 34.9
	obesity 1st level
	heightened

	35.0 – 39.9
	obesity 2nd  level (hard)
	high

	over 40.0 
	obesity 3rd level (heavy)
	very high


             Tablet 0: BMI values classification
Calculated BMI was compared with the physique rating. The physique rating shows body constitution and the level of physical activity. It is expressed in the following numeric values: 1 = Hidden obese, 2 = Obese, 3 = Solidly-built, 4 = Under exercised, 5 = Standard, 6 = Standard muscular, 7 = Thin, 8 = Thin and muscular and 9 = Very muscular. 
2.3 METHODS
The basic measurement followed evaluation by statistical methods. The clusters sampling from basic groups involved statistical investigation by usage of simple characteristics of the surveyed groups as follow arithmetic mean, median and modus. Statistical method χ2-Test (Chi-Quadrate-Test) like identity test was used for description of sex performance opportunity to interpret the acquired data in case of zero hypotheses. [6]   
The first basic assumption of statistical analysis is to comply with the requirement for normality. The identity test of two selections was used for the measurements as non-parametric test for random simple sampling. It was tested, whether there are statistically significant or non-significant differences between monitored groups of men and women. The application of selection to athletes and non-athletes were made in KFOR 2008 and the Wilcoxon tests were carried out previous survey on the significance level of α = 0.01 and α = 0.05. This test was made possible by monitoring bigger group (n>30). [2] In the former case of survey a small sample theory test with Student’s t-Test distribution was used in KFOR 2005. [1, 5]  
3 Results and discussion
The expected changes of monitored data between two samples of men and women in the basic survey group during ten weeks period have not been achieved. Results from the survey in 2005 and 2008 were not confirmed, when significant differences were shown immediately after they started the mission and then at its end. [1, 2] 

Homogeneity of clusters between men and women in the basic group wasn’t proved.  Measuring during the mission did not show statistical differences. After ten weeks survey it was only obvious that body changes and BMI had trivial changes.
3.1 BODY FAT

Body fat is illustrated with men and women in the following graphs 1 and 2. These may be completed by accurate tablets 1 and 2 of percentage body fat. The evaluation is carried out on the soldier’s sample groups regardless their sex.  The average content of body fat among men and women is compared in two measuring in ten-week intervals.
Graph 1 shows average content of body fat in the men’s sample group. The arithmetic mean amounts to 23.0, median 22.2 and mode 20.1 of monitored groups. Difference in the average body between measuring was statistically non-significant. 
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Graph 1: Content of body fat in men survey group

	Person
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. measuring
	17.1
	23.1
	23.5
	28.1
	34.4
	20.2
	25.6
	22.5
	21.4
	21.6

	2. measuring
	16.9
	23.3
	23.6
	28.0
	34.2
	20.1
	25.7
	22.1
	21.3
	21.6

	Person
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	1. measuring
	22.3
	28.1
	22.3
	26.8
	19.2
	24.2
	26.6
	25.6
	26.4
	20.1

	2. measuring
	22.1
	28.0
	22.1
	26.5
	19.3
	24.1
	26.1
	26.2
	26.8
	20.2

	Person
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	1. measuring
	18.8
	19.0
	26.1
	20.1
	21.8
	21.3
	25.9
	16.4
	17.5
	34.6

	2. measuring
	18.7
	19.8
	26.1
	20.1
	21.7
	22.1
	25.8
	16.1
	17.4
	34.8

	Person
	31
	32
	33
	34
	35
	36
	37
	 
	 
	 

	1. measuring
	16.7
	17.7
	27.5
	26,2
	25.6
	15.8
	21.8
	 
	 
	 

	2. measuring
	16.8
	17.9
	27.4
	26.2
	26.2
	15.9
	20.9
	 
	 
	 


              Tablet 1:  Body fat of men [%]

It is clear from the graph 2, that the changes of body composition were not reached in the group of women. In comparison with the graph 1, after ten weeks, two of monitored persons had a lower body fat; one woman even by 6 % less. The average content of body fat was 27.1 and the median was 27.9 and mode 30.1, so the women´s group was markedly balanced. 
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Graph 2: Content of body fat in women survey group
	Person
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. measuring
	30.3
	30.3
	36.3
	36.5
	27.5
	29.2
	24.7
	15.3
	27.6
	29.2

	2. measuring
	27.1
	30.1
	36.1
	30.4
	27.1
	30.1
	25.1
	15.2
	28.1
	28.7

	Person
	11
	12
	13
	
	
	
	
	
	
	

	1. measuring
	29.3
	15.2
	27.1
	
	
	
	
	
	
	

	2. measuring
	29.5
	15.3
	26.9
	
	
	
	
	
	
	


           Tablet 2:  Body fat of women [%]

3.2 THE BMI

The calculation of BMI serves for determining underweight, normal weight, overweight, 3 levels of obesity and health risks resulting from them.  After the BMI analysis in both the groups from measuring and the comparison of data between the groups of men and women during the whole period of survey are presented in graphs 3 and 4. 
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Graph 3: BMI in survey group of men

The average body mass index (graph 3) of men´s survey group wasn´t significantly different between the ten-week measuring. Soldiers´ weight did not significantly fluctuate in the group. The median reached the index value of 26.68 and the arithmetic mean of index was 26.58, mode 30.52.
	Person
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. measuring
	23.50
	30.46
	30.52
	16.93
	31.74
	31.23
	23.22
	25.32
	26.76
	27.46

	2. measuring
	23.40
	30.52
	28.46
	17.17
	30.71
	30.80
	23.36
	25.19
	26.63
	27.46

	Person
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	1. measuring
	25.10
	28.98
	24.73
	24.43
	23.48
	25.88
	27.84
	28.15
	26.51
	27.53

	2. measuring
	24.87
	28.74
	24.76
	23.84
	24.59
	25.70
	27.42
	28.87
	26.88
	27.06

	Person
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	1. measuring
	25.55
	26.68
	32.64
	27.55
	25.03
	29.26
	31.71
	23.99
	23.87
	30.52

	2. measuring
	25.19
	27.2
	32.6
	27.49
	24.94
	29.46
	31.55
	23.9
	23.81
	30.59

	Person
	31
	32
	33
	34
	35
	36
	37
	 
	 
	 

	1. measuring
	23.09
	26.68
	28.42
	24.20
	24.54
	27.13
	25.71
	 
	 
	 

	2. measuring
	23.28
	26.92
	28.39
	24.17
	25.1
	27.16
	24.92
	 
	 
	 


    Tablet 3:  BMI of men

It is evident from the graph 4, that the women reached the well-balanced BMI values during the monitoring. There are no differences between average BMI at the beginning and value of BMI at the end of mission and the median of athletes has the most positive index value of 21.51. The arithmetic mean was 21.45 and mode 22.30. 
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Graph  4:  BMI in survey group of women

	Person
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. measuring
	20.17
	22.30
	20.09
	19.06
	23.80
	21.10
	20.07
	22.21
	22.91
	21.36

	2. measuring
	20.12
	22.30
	20.03
	19.03
	21.92
	21.67
	20.31
	21.99
	23.6
	21.08

	Person
	11
	12
	13
	 
	 
	 
	 
	 
	 
	 

	1. measuring
	22.13
	21.14
	23.37
	 
	 
	 
	 
	 
	 
	 

	2. measuring
	22.46
	21.28
	22.26
	 
	 
	 
	 
	 
	 
	 


    Tablet 4:  BMI of women

3.3 BASAL METABOLISM

Basal metabolism is monitored in both survey groups in interval ten week measuring. Basic metabolism, i.e. the transformation of energy to maintain the functions of body organs, is disproportionate to body weight, but approximately equal to the power of two thirds of its weight (graphs 5 and 6). 
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Graph 5: Basal metabolism in men survey group

During the investigation basal metabolism of men did not significantly change. No statistically significant differences were found among the surveyed persons. Basic statistical characteristics as follow arithmetic mean, median and modus reached value 8169 kJ, 7894 kJ and 8999 kJ. Similar observations were recorded from the KFOR missions 2005 and 2008.
	Person
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. measuring
	7457
	8998
	8999
	5435
	8935
	7399
	7514
	9235
	7839
	9145

	2. measuring
	7461
	8999
	8987
	5436
	8933
	7398
	7513
	9236
	7838
	9146

	 
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	1. measuring
	7515
	9198
	7435
	7893
	7847
	7934
	7885
	7504
	7891
	7885

	2. measuring
	7516
	9199
	7433
	7895
	7882
	7931
	7881
	7509
	7888
	7884

	 
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	1. measuring
	7115
	9187
	8025
	9189
	7587
	8571
	9008
	7555
	7516
	10081

	2. measuring
	7117
	9182
	8029
	9190
	7585
	8579
	9010
	7559
	7518
	10073

	 
	31
	32
	33
	34
	35
	36
	37
	 
	 
	 

	1. measuring
	8655
	8563
	9181
	7525
	7506
	8584
	8438
	 
	 
	 

	2. measuring
	8659
	8565
	9182
	7526
	7508
	8586
	8459
	 
	 
	 


         Tablet 5:  Basal metabolism of men [kJ]
The graph 6 shows the changes of energy intake in the first and the second measuring of women. Neither increased nor decreased requirements for energy intake were observed.  Basic statistical characteristics clearly showed physiological distinction between both sexes and value of arithmetic mean reached 6056 kJ, median reached 5628 kJ and mode 6299 kJ. Masculine basal metabolisms and typical physiology at the male level had soldier No 3 (see tablet 6).
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Graph 6: Basal metabolism in women survey group
	
Person
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1. measuring
	6380
	5328
	9172
	5325
	6392
	5281
	5549
	6298
	5630
	5294

	2. measuring
	6388
	5329
	9171
	5315
	6391
	5280
	5550
	6299
	5628
	5292

	Person
	11
	12
	13
	 
	 
	 
	 
	 
	 
	 

	1. measuring
	5305
	6297
	6487
	 
	 
	 
	 
	 
	 
	 

	2. measuring
	5304
	6299
	6485
	 
	 
	 
	 
	 
	 
	 


Tablet 6: Basal metabolism of women [kJ]
3.4  PHYSIQUE RATING

The physique rating assesses a physique according to the ratio of body fat and muscle mass in your body. As person becomes more active and reduces body fat, physique rating will also change. This feature is determined by body constitution and depends on not only physique activity but on sexes an age, too. Persons, both sexes, are compared according to their BMI in the tablet 7 and according to their physique rating given by scale SW in the tablet 8 and illustrated by visual denostration (graphs 7 and 8).

	Age
	Obese
	Overweight
	Standard
	Underweight

	24
	
	1
	
	

	25
	1
	
	
	

	26
	
	
	1
	

	28
	1
	
	2
	

	29
	
	1
	3
	

	30
	
	1
	1
	

	31
	
	2
	
	

	32
	
	1
	1
	

	33
	
	1
	1
	

	34
	
	4
	2
	

	35
	
	
	1
	

	36
	
	
	2
	

	37
	2
	
	3
	

	38
	1
	
	1
	

	39
	
	
	1
	

	40
	1
	2
	1
	

	41
	
	3
	
	

	45
	
	1
	
	

	46
	
	1
	
	

	48
	
	
	1
	

	50
	
	
	1
	

	52
	
	
	1
	1

	55
	
	
	2
	

	Total 50 persons
	6
	18
	25
	1


               Tablet 7: Physique rating of persons according to their BMI 
The tablet 7 shows the division of soldiers to the age groups and the number of persons having obesity of the first level, overweight and standard weight.  You can see, that the most persons (18) are overweight, 6 persons have the first level obesity. This situation is warning. It is 36 % in the category of the overweight, which is of course less than in 2008 (45.7 %). Worse result is in the category of the obese 12 % (previously 6.1 %). Only a half (50 %) of persons has standard weight. The situation is illustrated in graph 7. 
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Graph 7: Basic group BMI values  

Soldiers are divided to the groups according to their age and the category of their physique rating in the tablet 7.
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Graph 8: Basic group rating according to scale SW

The ratio of obese soldiers is 46 % and it corresponds to the earlier findings (2008 it was 44.9 %; 2005 it was 45.7 %). [1, 3] A large number of obese persons is in the category of 31- 40 year old (28 %). Standard persons create 44 % of the basic group and this category is in frequency comparable to the category of the obese. The evaluation of persons according to scales and according to BMI was absolutely comparable, because 48 % of persons in both physique rating methods have the same rate in rank of the weight higher than standard. The physique rating is illustrated in graph and tablet 8. 

	Age
	24
	25
	26
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	45
	46
	48
	50
	52
	55

	Hidden obese
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Obese
	0
	1
	0
	1
	3
	1
	1
	0
	1
	4
	0
	0
	3
	2
	0
	3
	1
	0
	0
	0
	0
	1
	1

	Solidly built
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Under exercised
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1

	Standard
	1
	0
	1
	1
	1
	0
	1
	2
	1
	2
	0
	2
	2
	0
	1
	0
	2
	1
	1
	1
	0
	1
	1

	Standard muscular
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Thin
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Thin, muscular
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Very muscular
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total
	1
	1
	1
	3
	4
	2
	2
	2
	2
	6
	1
	2
	5
	2
	1
	4
	3
	1
	1
	1
	0
	2
	3


Tablet 8: Physique rating of persons according to scale SW

3.5 IDENTITY TEST

The null hypothesis assumes clusters, different in physical characteristics, with notable statistical differences in frequency of both sexes. Statistical method χ2-Test (Chi-Quadrate-Test) like identity test was used for description of sex performance opportunity to interpret the acquired data in case of zero hypotheses. It was tested, whether there are statistically significant or non-significant differences between monitored groups of men and women.
The level of statistical significance was set to a p value of 0.05. Experimental frequency (ne,j) expressed size of both sexes clusters (k) and zero hypothesis  equal frequency (no,j).  Test criterion: 
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χ2  = 7.48 > χ20.05 = 3.14
There was no conformity between experimental and expected frequency and hence it follows that performance of men is higher then women in basic group.
4 conclusion

A survey of soldiers´ nutritional level in ISAF 2008 mission was carried out in interval for ten-week. The aim of the survey was to verify the possibility of pursuing undemanding expeditionary measurement of soldiers´ body changes in mission, characterized by Body Mass Index, the scale physique rating, basal metabolism and the content of body fat.

The changes of data after dividing the basic survey group into the groups of men and women appeared to be insignificant, because the values oscillated as if they were within homogenous groups. The monitoring results in the findings that statistically significant differences were not found between measuring during the evaluation of basic group. When comparing men and women by the identity test the statistically relevant differences were found on the 0.05 significance level in the measuring of experimental frequency. The sample group of men representing basic group had significantly higher performance than sample of women. The division of basic survey group according to the physique rating of persons appears to be a substantial condition of the monitoring.

The physique rating is properly illustrated only by the body fat and calculated BMI from the monitored data. Basal metabolism does not support the changes and the groups are distinctively differentiated by the men’s increased metabolism. 
The results from 2005 KFOR and 2008 KFOR missions were confirmed, when approximately the half of soldiers was overweight and some were obese. In spite of nearly equal overweight percentage it is necessary to say that U. S. ad libitum diet caused obesity of 12 % soldier that is less than the Czech controlled nutrition in 2008 KFOR. The minor occurred decreased percentage of body fat among soldiers was discovered during monitoring approximately in 2/3 of explored persons. The value decline of BMI after mission didn’t occurred and the condition of deployment and acclimatization didn’t change number of soldiers with standard physical condition and their nutritional state.
Using simple device for discovering weight and  body fat % and the calculation of BMI is adequate when monitoring the physique rating of every soldier and determining his/her healthy nutrition.  
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